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Laser recanalization of occluded femoral or popliteal
arteries was performed in 12 patients using a continuous
wave neodymium yttrium aluminum garnet (Nd·YAG)
laser. The histologic findings of the laser-irradiated ar-
terial segments in two of these patients are reported. The
specimens were obtained 2 and 4 weeks after the laser
procedure. The laser-irradiated vessel in Patient 1 had
been partially recanalized with reduction of the athero-
sclerotic occlusion from 3 to 1 ern. The lased arterial
lumen manifested thermal injury to the inner quarter
of the arterial wall with vacuolization and a rim of car-
bonization occupying 10% of the width of the arterial
wall, but without thrombus formation .
Histologic examination in Patient 2 revealed no fibrin
deposits, atherosclerotic debris or thrombi at the intimal
arterial edge. At the crater site, thermal injury was ap-
parent with vacuolization of the intimal fibrous tissue.
Percutaneous transluminal arterial angioplasty of critical
atherosclerotic narrowings is an effective procedure to im-
prove blood flow to ischemic organs. However, the pro-
cedure is associated with a primary success rate of only 40
to 60% in patients with totally occluded vessels and a re-
stenosis rate that approximates 30% in the initial 6 months
(1,2). New techniques to improve the recanalization rate in
occluded vessels and to reduce the incidence of restenosis
are needed.
The use of laser energy to open atherosclerotic stenotic
arteries is an effective method proved in in vitro and animal
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The histologic sections obtained 4 weeks after the pro-
cedure revealed new fibrous intimal tissue without en-
dothelialization in some of the heavily calcified tissue
sections. Where the plaques were noncalcified, reen-
dothelialization was noted with only minimal damage to
the surrounding tissue. No medial or elastic fiber dis-
ruption was seen, and no aneurysmal dilation had oc-
curred. Intimal splitting with a cleft betwen the tunica
media and the intima was noted at the site of previous
balloon angioplasty.
In conclusion, the follow-up histologic findings 2 and
4 weeks after laser angioplasty in two patients using a
specially designed catheter delivery system and cooling
blood perfusate revealed thermal injury to the inner
quarter of the arterial vessel wall and no evidence of
thrombus formation.
(J Am Coil CardioI1986;8:1089-95)
experiments since 1980 (3-5). Recent studies (6-9) have
shown that the technique can be performed in humans. How-
ever , major concerns associated with laser angioplasty are
arterial wall injury with aneurysmal dilation or perforation
and increased risk of thrombogenic ity because of thermal
injury and carbonization (10-12). Sequential necropsy data
after laser irradiation of atherosclerotic monkey and pig
vessels have shown healing without thrombi or recurrent
atheromatous formation after 2 months (13-16) . Similar
data are not available in humans , and the human athero-
sclerotic plaque is usually more diffuse , fibrotic and calcified
as compared with the experimental model.
We have reported (6,9,17) successful laser recanalization
of occluded femoral arteries in 12 patients, using a contin-
uous wave neodymium yttrium aluminum gamet (Nd-YAG)
laser. One of these patients subsequently died, and another
patient required leg amputation , thus providing the material
for an in-depth histologic analysis of the lased atheroscle-
rotic plaque and adjacent arterial wall. This report describes
the histologic findings in both patients .
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Figure.1. 1Ilustration of the laser catheter delivery system with
the optical fiber (OF) and the balloon inflated to help maintain a
stable coaxial position.
Methods
Laser angioplasty technique. Percutaneous translumi-
nal laser angioplasty was performed in the cardiac cathe-
terization laboratory of the Department of Clinical Inves-
tigation at Henri Mondor University Hospital, Creteil, France.
An 8F introducer was inserted into the common femoral
artery, using a percutaneous transfemoral approach . A spe-
cially designed peripheral balloon catheter (8F, Schneider
Medintag, Zurich) was inserted through the sheath to the
obstruction with the guide wire extending beyond the cath-
eter. The guide wire was replaced by a 0.2 mm optical silica
fiber 5 m long. The procedure was performed under fluo-
roscopic guidance with repeat injections of contrast me-
dium. The fiber tip was advanced 3 mm beyond the tip of
the catheter and placed in direct contact with the lesion.
The fiber was then connected to the continuous wave Nd-
YAG laser (CILAS , Marcoussis, France). The balloon was
inflated before each laser burst to maintain correct central
positioning of the fiber tip (Fig . 1). During the laser emis-
sions, a diluted blood perfusate (hemoglobin 3 g/100 ml)
circulated at a rate of 30 ml/min. In our experience, a diluted
blood perfusate is associated with less trauma to the arterial
wall (6,9 ,17) than that associated with a nondiluted per-
fusate.
Laser energy was emitted at a power of 12 W from the
distal end of the fiber with sequential 30 second emissions .
During laser emissions, no attempts were made to cross the
atherosclerotic plaque with either the catheter or the fiber
tip. Movements of the catheter system during the procedure
could potentially increase the risk of catheter malposition
and complications. Sequential angiographic visualization was
routinely performed during the procedure to assess the ef-
fects of the laser irradiation . Once partial recanalization was
obtained, the catheter device was advanced. All patients
received intravenous heparin infusion to maintain the acti-
vated partial thromboplastin time at two times normal for
24 hours after the procedure . All laser angioplasty proce-
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dures were approved by the Human Research Committee at
Henri Mondor University Hospital.
Study patients. Case 1. Patient 1 was a 75 year old
woman with a history of intermittent claudication since 1982.
She was admitted to the hospital in September 1984 because
?f lower limb pain at rest associated with peripheral man-
ifestations of ischemic arterial insufficiency . Arterial pulses
were neither palpable nor detectable by Doppler flow stud-
ies. At peripheral angiography, the popliteal artery was to-
tally occluded, with poor distal runoff. The patient refused
amputation , but accepted a laser revascularization proce-
dure. Ten laser irradiations were successful in creating a 2
mm channel through approximately two-thirds of the 3 em
atherosclerotic obstruction. Unfortunately, the distal one-
third of the plaque could not be penetrated despite 10 ir-
radiation attempts at 12 Wand 30 seconds each and a pro-
cedure of I hour's duration . No clinical improvement was
observed , and amputation was performed 2 weeks later. The
lased arterial segment was removed and submitted to his-
tologic examination.
Case 2. Patient 2 was an 81 year old woman with a
history of intermittent claudication since 1979. She was
admitted to the hospital in February 1985 for lower limb
pain at rest and ischemic arterial insufficiency. Peripheral
angiography revealed an occluded segment of the femoral
artery at the level of the Hunter canal that was 6 em in
length and extended to the popliteal artery (Fig . 2). The
patient refused revascularization surgery , but accepted an
attempt to recanalize the occluded artery by laser angio-
plasty . Partial recanalization was obtained after eight laser
irradiations, and the luminal diameter was further opened
using standard balloon angioplasty after a procedure of I
hour' s duration. Three weeks later the patient reported re-
duced leg pain and increased warmth to the leg. Unfortu-
nately, she had rheumatic arthritic disease and was not ca-
pable of walking at a brisk pace, making it difficult to assess
the effect of the laser angioplasty procedure on improved
work performance . She died of pneumonia 1 month after
the procedure. The lased arterial segment was removed at
autopsy and submitted to histologic examination.
Histology. The lased arteries were sectioned. Histologic
examination was performed on 10cross-sectionaltissue blocks
at 0.5 em intervals. All samples were fixed in 10% neutral
buffered formalin and embedded in paraffin. Tissue blocks
were cut in 3 JLm thick sections. Five sections of each block
were obtained. The sections were stained with hematoxylin-
eosin , safranine, Masson's trichrome and Verhoeff-van
Gieson's stain. Each section was assessed by light micros-
c~py . Arterial diameters were measured using an ocular
micrometer. Cross-sectional diameters of the new lumen
after laser angioplasty were measured in both the cross-
sectional and longitudinal axes and expressed as a percent
of the native internal luminal arterial diameter.
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Figure 2. Case 2. Contrast angiograms of the right occluded
superficial femoral artery. A, Before laser emission the catheter
tip is shown at the proximate edge of the plaque. B, Anterograde
flow after Nd-YAG laser treatment (five emissions for 30 seconds
at 12 W). The collateral vessels are better visualized because of
the more proximal contrast injection. C, After penetration of the
atherosclerotic plaque by laser energy, patency of the vessel was
obtained by balloon angioplasty.
Results
Case 1. Histopathologic examination of the vessel re-
vealed partial recanalization. The original length of the oc-
clusion was reduced from 3 to I em. Unfortunately, this I
em lesion could not be penetrated or traversed with a guide
wire. Examination of the laser-irradiated artery 2 weeks after
the procedure revealed a patent lumen, proximal and distal
to the residual 1 em occlusion, and a rim of intimal car-
bonization with preservation of the internal elastic mem-
brane. The carbonization occupied l/10th of the total depth
of the arterial wall. Thermal injury to the fibrous intima
with vacuolization extended to one-fourth of the depth of
the arterial wall. No thrombi were observed (Fig. 3). Down-
stream, the arterial lumen was totally occluded by a thick-
ened intima, extensive atheroma and calcification.
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Case 2. Laser penetration of the occluded plaque was
achieved in Patient 2, and the luminal diameter was further
increased by balloon angioplasty . Histologic examination
of the lased proximal portion of the atherosclerotic plaque
revealed diffuse fibrosis, calcification and fatty deposits.
The diameter of the lumen was 60% of the diameter of the
native internal arterial lumen. At the intimal side of the
artery , no debris , fibrin deposit s or thrombi were observed
(Fig. 4) . A deep crater was created by the laser emissions
into the fibrous intima . Thermal injury was evident, with
vacuolization of the intimal fibrous tissue. Sections of the
heavily calcified histologic blocks revealed new fibrous in-
timal tissue without visible endothelium; calcification and
ossification were not altered by laser emission. In the area
of noncalcified plaques, reendothelialization was observed
with minimal damage to the surrounding tissue. In this area,
the endothelial cells were round and deeper than the flat
spindle-shaped cells in adjacent normal areas. In the sub-
endothelium, marked collagen accumulation was observed.
No arterial wall weakening, medial or elastic fiber disruption
or aneurysmal formation was observed . At the distal end of
the histologic section, which corresponded to the site of
balloon angioplasty, intimal splitting, medial stretching and
a cleft between the media and intima were seen. The cleft
occurred at the junction between the plaque and the adjacent
arterial wall .
Discussion
The use of laser angioplasty to recanalize occluded ves-
sels in humans is in the initial investigational stages. Cath-
eter delivery systems and choice of laser energy device are
still being explored. Experience with the first generation
systems currently available is limited. The in vivo long-
term effects in human arteries have not been exten sively
studied. Although histologic analyses of lased athero scle-
rotic plaques in animals have been published, extrapolation
of the results to humans is difficult because of important
differences between the experimental and the human ath-
erosclerotic plaque (l0-16) .
Both patients in the present report had severe athero-
sclerosis with thick atheromatous plaques involving long
segments of the popliteal or femoral artery . The results
obtained in Patient I are unique in that balloon angioplasty
was not attempted, thus allowing assessment of the intrinsic
effect of the continuous wave Nd-YAG laser.
Several investigators (7,18,19) , using angiographic vis-
ualization of the lased artery or indirect evidence of patency
by Doppler flow studies and clinical assessment, have re-
ported arterial patency after laser angioplasty. Control an-
giography in Patient 2 revealed arterial patency after laser
angioplasty. Furthermore, pathologic examination in both
patients revealed some degree of recanalization at 2 and 4
weeks after the procedure, although the plaque could not
be penetrated in Patient 1. In Patient 2, the recanalized
lumen was 60% of the native arterial lumen.
Thrombus formation and reocclusion after laser an-
gioplasty. An important pathologic observation in both pa-
tients was the absence of thrombi in the lased lumen . A
general concern in reference to the effects of the continuous
wave Nd-YAG laser is increased thrombogenicity because
of thermal damage to the arterial intima (8,10 , II) . Our data
show that carbonization does not necessarily result in throm-
bus formation; however, additional studies in larger patient
series are required to validate this assertion. In both patients ,
the potential risk of thrombus formation was increased be-
Figure 3. Case I. Histologic section
of popliteal artery, 14 days after laser
angioplasty. A rim of carbonization
(C) at the luminal edge and vacuoli-
zation (V) in the intimalfibrous tissue
are the resultof laser thermal damage.
No thrombus is present. Orceinstain,
x 10, reduced by 28%.
Figure 4. Case 2. Histologic cross
sections of the superficial femoral ar-
tery 4 weeks after laser treatment. A,
The new lumen is surrounded by a
partiallycalcifiedatheroscleroticplaque
(C). Vacuolization (arrow) is second-
ary to the thermal effect. Osseous
metaplasia (M) is present in the in-
tima. B, The crater with an acute angle
formed from the laser irradiationis seen
(short arrow). Fibrous tissue without
endothelializationis present at the level
of the crater. Small areas of intimal
vacuolization (V) due to laser effects
and calcification (C) are present. There
is no carbonization. C, In the arterial
segment that was subjectedto both laser
and balloon angioplasty a fresh throm-
bus is seen, with splitting of the ath-
erosclerotic plaque. An intimal cleft is
present (C). The media is thin and fo-
cally interrupted, and vacuolization is
present. A, Hematoxylin-eosin stain
x 11.5, reduced by 25%; B, Ver-
hoeff-van Gieson's stain x 11.5,
reduced by 25%; C, Verhoeff's stain
x 9.5, reduced by 25%.
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cause of poor distal runoff. Our previous studies (9,17)
showed a relatively high rate of reocclusion after laser an-
gioplasty, possibly because of incomplete recanalization and
the concomitant effects of balloon angioplasty. Several in-
vestigators (20-22) have reported endothelial loss, splitting
of the atheromatous plaques, cleft formation between the
arterial intima and media and, rarely, arterial thrombosis
after balloon angioplasty. If laser angioplasty could provide
the atherosclerotic vessel with an acceptable luminal di-
ameter, balloon angioplasty would not be necessary. This
may be a desirable goal, because guide wire movement and
balloon inflation into an area of lased arterial wall may
further increase arterial wall injury and, hence, the possi-
bility of thrombus formation (18).
Thermal damage after laser angioplasty. Although
laser-heated metallic probes are used to recanalize ob-
structed arteries, there is concern about thermal damage
resulting from use of continuous wave lasers (19,23). In an
attempt to reduce thermal injury, pulsed laser injury is being
evaluated and optical couplers are being developed to deliver
the pulsed laser energy down optical fibers (24-26). In
preliminary in vitro work with the pulsed Nd-YAG laser
(27), no significant thermal injury was seen in narrow crater
edges. The histologic data in our two patients show that
carbonization can still be detected 2 weeks after the pro-
cedure but is virtually absent after 4 weeks. We used a
balloon catheter to stabilize the laser tip and a dilute hemo-
globin perfusate to cool the surrounding arterial wall without
dissipation of laser energy (9,17). The technique resulted
in limited heat transfer to adjacent arterial wall, with a thin
layer of coagulation necrosis and absence of perforation or
aneurysmal formation 2 weeks after laser emission. In Pa-
tient 2, this coagulation necrosis was not present and had
almost resolved after 4 weeks.
Healing process after laser angioplasty. The healing
process we observed in our patients is consistent with the
observations of Abela et al. (14) and Gerrity et al. (16),
using argon laser radiation of normal canine and athero-
sclerotic primate arteries. In the experimental model, the
healing process is characterized by endothelial denudation,
fibrin deposition, platelet and macrophage adherence and
fibrous scarring with involvement of smooth muscle cells.
Reendothelialization in the animal model is usually seen
within 14 days without significant thrombus formation. Sec-
tions of the outer intima and atherosclerotic thin media in
our patients did not reveal significant injury, even though
high energy levels were utilized to vaporize the obstructions.
This may be secondary to the use of a coaxial laser delivery
system and cooling perfusate. Accelerated atherosclerosis
was not observed in either the experimental series or our
two patients.
Conclusion. Our histologic findings show that the con-
tinuous wave Nd-YAG laser can be used in humans without
perforation of the arterial wall as long as the guiding balloon
catheter can secure central coaxial positioning of the optical
fiber tip and the diluted blood perfusion cools the system,
thus protecting the arterial wall. We anticipate that short-
ening the duration of exposure and increasing the power
delivered at the fiber tip will reduce heat transfer to adjacent
arterial wall and minimize arterial wall damage (24,27). A
limitation of the current technique is the inability to obtain
complete recanalization in some patients. The potential role
of balloon angioplasty as a complementary procedure after
perforation of the atherosclerotic plaque requires further
study.
The degree of arterial wall injury after laser irradiation
may be different using other sources of laser energy and
other catheter delivery systems. The results may also be
different for occlusive atherosclerotic plaques that are not
heavily calcified or are less fibrotic and shorter. Our data,
although limited to two patients, are encouraging in that the
depth of arterial wall injury was limited to the atherosclerotic
intima and thrombus formation did not occur at the site of
laser irradiation. Additional histopathologic studies after laser
irradiation are needed to further document our findings.
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